A b s t r a c t Introduction: Introduction: The optimal treatment of empyema thoracis is still debatable between academics and surgeons. This study reviews advantages and disadvantages of video-assisted thoracoscopic surgery (VATS) and open thoracotomy decortication (OTD) considering outcomes of empyema thoracis. Materials and methods: A descriptive Boolean query was used for searching three databases to extract the published studies up to 27 March 2017. The outcomes of VATS and OTD were extracted and assessed by random-effects model of meta-analysis. The Egger's test and trim-and-fill method were used for analyzing publication bias, and, meta-regression and subgroup analyses were done for determining heterogeneity. Results: A total of 2219 patients, from 13 studies, meeting the inclusion criteria were selected and subjected to further analyses. Of 2219 patients, 1120 were treated by VATS and the remaining were subjected to OTD. During VATS, 252 patients were converted to OTD. Forest plots showed that VATS was far superior in terms of incidence of duration of hospital stay and operative time (SMDs = 1.189, 1.565; p < 0.001, < 0.001) compared to OTD. Mortality, prolonged air leakage, wound infection, and recurrence rates (ORs = 1.234, 2.564, 1.363, 1.962; p = 0.576, 0.077, 0.0692, 0.4) had no advantages for both procedures while failure or conversion rate (OR = 0.198, p < 0.001) of VATS was more than those of OTD.
Introduction
Empyema thoracis is a disease originally diagnosed and treated by Hippocrates about 2,400 years ago. Through this disease, the pleural cavity is filled with pus, which is commonly caused by pneumonia [1, 2] . The mortality rate in this disease is as high as 15% [2] . Nowadays, reports show that about one million patients in the United States of America are hospitalized due to pneumonia, with 40% and 15% of them suffering from progressed pleural effusion and developed empyema thoracis, respectively [3] .
The American Thoracic Society (ATS) has divided the evolution of pleural empyema into three stages. Stage I is the exudative phase. In stage II, mostly known as the fibrinopurulent phase, the effusion is converted to pus. However, thoracoscopy, video-assisted thoracoscopic surgery (VATS) , and rarely open decortication are recommended to patients with loculations or peel. Finally, in stage III, pleura thickening with trapped lung may occur.
The existing surgical procedures for treating empyema thoracis in stages II and III can be either VATS or open decortication [4] . In 1918, the open decortication was performed by Graham and Bell for the first time and introduced for precise removal of the fibrous layer to allow lung re-expansion [2] . Also, VATS was standardized by Machinlay and Landrenea in 1988 [5, 6] . To treat empyema, both VATS and open decortication could be regarded as aggressive surgical approaches [4] . The mortality and morbidity rates after decortication were reported to be still close to 10% [2] .
Today, the number of published articles in wellknown journals is dramatically increasing and effectively defining the role of VATS in the treatment of empyema thoracis. However, the outcomes of both VATS and open decortication remain ambiguous.
Moreover, there is no randomized controlled trial (RCT) study in the literature [7] [8] [9] . In this regard, a common recognized approach to identify the advantages and disadvantages of two treatment procedures is to perform a meta-analysis to analyze the information extracted from the systematic reviews.
The subjects of the current systematic review and meta-analysis were selected based on Patients, Intervention, Comparison, and Outcomes (PICO) statements. The patients are those infected by empyema thoracis. The intervention includes two treatment procedures: (1) open thoracotomy decortication and (2) VATS decortication; finally, the patients' answers to components defined in this study (i.e., postoperative prolonged air leakage, mortality, recurrence, failure or converted to thoracotomy, operating time, hospital stay, wound infection) are compared. However, academic researchers and surgeons still debate what the recommended treatment for effective management of empyema thoracis is [10] .
Material and methods

Search strategy
A systematic search was carried out on Google Scholar, PubMed, and Scopus electronic databases from inception until March 27, 2017 , in accordance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [11, 12] . To extract the relevant published papers a descriptive Boolean query was used: Query: Decortication AND Empyema AND (VATS OR video-assisted thoracoscopy surgery)
AND ((open thoracotomy) OR (open surgery)).
For possible inclusion/exclusion of the articles in/from the study, the databases were searched using the "All Fields" option. Two anonymous investigators explored the extracted articles based on title, abstract, and full content where necessary.
Inclusion and exclusion criteria
All retrospective and cohort prospective studies in English including open thoracotomy surgery and VATS decortication surgery were considered for inclusion in this study.
All types of articles (i.e., full, original, review, abstract, epidemiologic studies, and meta-analysis) with unclear and inadequate data were excluded. All non-English published studies, except one abstract that had useful information, were excluded. The required data from the final eligible included studies were extracted into an Excel spreadsheet for further analyses.
The pooled analysis was performed using the odds ratio and standard mean difference (SMD) calculated for the studies of interest.
Meta-analysis process
The CMA version 2.2.064 [13] and Meta-MUMS tool were used. The Meta-MUMS tool, developed in MATLAB R2013a, provides an environment for carrying out the current meta-analysis with limited features including fixed-effects, random-effects meta-analyses, heterogeneity test, and publication bias. These analyses were done by calculating the odds ratio, log-odds ratio, and standard mean differences that are then presented as forest plots with high resolution. Heterogeneity was assessed by calculating Cochran's Q and I 2 [14] . Moreover, Egger's test [15] was performed along with illustrative funnel plots in both fixed-effect and random-effect meta-analyses. Additionally, this tool was used to perform the meta-analysis within two groups using the term "data type" as dichotomous; i.e., it included events, mean, standard de-
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Patients' characteristics
The patients had thoracic empyema with positive clinical signs, confirmed by imaging techniques such as chest radiography, thoracic computed tomography (CT) scans, and ultrasonography. Adult patients with complicated parapneumonia and post-pneumonia in advanced stages II or III were considered for this purpose.
Surgery techniques
Video-assisted thoracoscopy decortication
This procedure could be performed for the patients for whom the chest tube drainage was a failure or when the lung did not re-expand after thoracentesis or tube thoracostomy. In the patients with thick pus or the presence of pleural thickening on the CT scan, and loculated fluid and debris, VATS was the recommended treatment procedure. After breaking down the loculations and lavaging the pleural space extensively, chest tubes should be placed carefully. In complicated types of stage II and special situations of stage III, the empyema thoracis was also treated by VATS. Any VATS failures, which mostly could happen at the late stages of empyema, were converted to open thoracotomy decortication.
Open thoracotomy decortication
Open thoracotomy decortication could be performed in almost all complicated types of stages II, III, radical, and VATS failure in treating empyema thoracis. This technique has been applied for the removal of fibrous tissue and peel exclusively from the parietal and visceral pleura to improve the lung re-expansion. Decortication relies on lung elasticity to fill the cavity and significantly improve the vital capacity, and lung perfusion and ventilation.
Outcome measures
Clinical outcomes were assessed by the disappearance of pleural fluid and full expansion of the affected lung. The postoperative prolonged air leakage, mortality, recurrence, failure (i.e., unsuccessful treatment of either open thoracotomy or VATS decortications) or converted procedures, postoperative hospital stay, times of operations, and wound infection were considered as clinical outcomes for both treatment procedures.
The reported postoperative complications include postoperative prolonged air leakage, wound infection, pleural space operation, blood transfusion, deep vein thrombosis, chylothorax, diaphragmatic lesion, atrial fibrillation, pneumonia, seroma, subcutaneous emphysema, intensive care unit (ICU) stay, thoracostomy drainage, morbidity, pain, paresthesia, bleeding after operation, myocardial infarction, cholecystitis, atelectasis, acute respiratory distress syndrome (ARDS), reintubation, tracheostomy, other pulmonary complication, ventricular arrhythmia, other hematologic complication, urinary tract infection, acute renal failure, other medical complication, other surgical complication, readmission, postoperative complication, atrial arrhythmia, bronchopneumonia, and ventilator dependence/support.
The reasons for conversion were technical inability, incomplete decortication, massive bleeding during operation, and life-threatening trauma to the adjacent organs such as great vessels.
Statistical analysis
For pooling the results from the studies of interest, a random-effects model was used. To illustrate the pooled results graphically, forest plots were used. Two heterogeneity indices -the Cochran Q test with a p < 0.05 and the I² index (percentage of variation across studies) -were used [14] . After generating the funnel plots and performing the required regression modeling such as intercept of Egger's regression, and the p-values, the publication bias was assessed [15] . Based on various studies for assessing the publication bias, p-values less than 0.05 were regarded as significant [15] [16] [17] [18] . The statistical analysis of all data was performed using both Meta-MUMS and CMA version 2.2.0.064 [13] . However, as the same results were obtained in terms of values and patterns of illustrations, only those for the Meta-MUMS tool (i.e., the implemented tool) will be demonstrated and discussed.
In the presence of heterogeneity, mixed-effects meta-regression for sample size difference, published year, hospital stay difference, latitude, and longitude was performed.
To explain the variance between studies, subgroup analysis was performed based on sample size (ideal = subgroup A and non-ideal = subgroup B) (a sample size is regarded as ideal if the sample size is more than 30 and the sample size difference is less than 63; otherwise the sample size is non-ideal), continent (America, Asia, Europe), and published year (Before 2010 = subgroup A and after 2010 = subgroup B).
The trim and fill method is a nonparametric and simple funnel plot-based tool used in metaanalysis for determining and adjusting the publication bias. In this methodology (also implemented in Meta-MUMS), the number of missing or unpublished studies that needs to be present in the Treating empyema thoracis using video-assisted thoracoscopic surgery and open decortication procedures: a systematic review and meta-analysis by meta-mums tool
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Results
Characteristics of studies
In this work, 2835 potentially relevant studies were identified and retrieved from the initial search of databases including Google Scholar, Scopus, and PubMed (Figure 1 ). After removing duplicates and applying the inclusion and exclusion criteria, only 13 articles remained. These studies included a total of 2219 patients treated with VATS and open thoracotomy decortication. Out of these, 1624 patients were treated with VATS, and 252 of these were failures and were converted. Additionally, 1099 patients were treated with open thoracotomy decortication (252 patients were converted and included).
Of 13 studies, 3 took place in the United Kingdom, 2 in the United States of America, 1 in China, 1 in Taiwan, 1 in Saudi Arabia, 1 in South Korea, 1 in Turkey, 1 in Italy, 1 in Brazil, and 1 in Switzerland.
One study [1] was prospective and the remaining ones were retrospective studies in nature [4, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . Tables I and II summarize the characteristics, demographics, type of procedures, outcomes, hospital stays, and times of operations for two surgical treatment procedures. Moreover, as all of the postoperative complications cannot be considered as one group, they have been considered as separate groups as postoperative prolonged air leakage, wound infection, pleural space operation, blood transfusion, deep vein thrombosis, chylothorax, diaphragmatic lesion, atrial fibrillation, pneumonia, seroma, subcutaneous emphysema, ICU stay, thoracostomy drainage, morbidity, pain, paresthesia, bleeding after operation, myocardial infarction, cholecystitis, atelectasis, ARDS, reintubation, tracheostomy, other pulmonary complication, ventricular arrhythmia, other hematologic complication, urinary tract infection, acute renal failure, other medical complication, other surgical complication, readmission, postoperative complication, atrial arrhythmia, bronchopneumonia, and ventilator dependence/support. Among these, only two postoperative complication outcomes (i.e., prolonged air leakage and wound infection) include three studies reporting sufficient data. The remaining ones include only zero, one, or two studies (Table III) . Also, as it is not possible to conduct a meta-analysis and meta-regression with less than three studies and subgroup analysis with three or less than three studies [32] [33] [34] , so the meta-analysis and meta-regression were performed for only prolonged air leakage and wound infection where the list in Table III was excluded; and subgroup analyses were performed for none of the postoperative complication outcomes listed in Table III or for prolonged air leakage and wound infection. For both procedures, the results of random-effects meta-analysis for the seven outcomes will be presented later. Moreover, the results of random-effects meta-regression based on published year, sample size difference, mean hospital stay difference, latitude, and longitude will also be demonstrated. Finally, the subgroup analyses based on sample size, continents, and published year will be presented. Meta-analysis models
There were no significant differences in postoperative prolonged air leakage results of open thoracotomy decortication and VATS (Figure 2 A, Table IV ). Moderate heterogeneity was detected among the included studies (Table V) .
There were no significant differences in mortality results of open thoracotomy decortication and VATS (Figure 2 B, Table IV ). Moderate heterogeneity was detected among the included studies (Table V) .
Also, there were no significant differences in recurrence results of open thoracotomy decortication and VATS (Figure 2 C, Table IV). Substantial heterogeneity was detected among the included studies (Table V) .
The failure and conversion rate was significantly higher in VATS compared to that of open tho- Treating empyema thoracis using video-assisted thoracoscopic surgery and open decortication procedures: a systematic review and meta-analysis by meta-mums tool
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OS VATS OS VATS OS VATS OS VATS OS VATS OS VATS OS VATS OS VATS OS VATS OS VATS OS VATS OS VATS OS VATS
Pleural space operation 
Other pulmonary: Complication Table IV ). The studies show a significant degree of heterogeneity (Table V) . Mean times of operations in open thoracotomy decortication were significantly longer than those of VATS (Figure 2 E, Table IV ). Considerable, significant heterogeneity was detected among the included studies (Table V) .
OS -open surgery (open thoracotomy decortication), VATS -video-assisted thoracoscopic surgery (VATS decortication).
Postoperative hospital stays of open thoracotomy decortications were longer than those of VATS (Figure 2 F, Table IV ). Considerable heterogeneity was detected among the included studies (Table V) . Table IV ). Moderate heterogeneity was detected among included studies (Table V) , but it was not significant.
Meta-regression models
For the postoperative prolonged air leakage outcome (Figure 3 A, Table VI), the results of random-effects model meta-regression based on published year, latitude, sample size difference, and longitude showed that they cannot explain the heterogeneity of the included studies. However, mean hospital stay differences can explain 100% of heterogeneity (R² =100%). There were no relationships of the published year versus log odds ratio and latitude/ longitude or sample size difference versus log odds ratio; however, a direct relationship was observed between mean hospital stay differences and log OR.
For mortality outcome (Figure 3 B, Table VI) , random-effects meta-regression on mean hospital stay differences was not carried out due to insufficient data. The results on published year, latitude, and sample size differences show that they cannot explain the heterogeneity of the included studies; however, the model based on longitude can explain 94% of heterogeneity (R² = 94%).
There were no relationships of published year versus log OR, latitude versus log OR, or sample size differences versus log OR, while there is a direct relation between longitude and log OR.
For recurrence outcome (Figure 3 C, Table VI) the data for random-effects met-regression based on hospital stay differences was not enough. Moreover, the results of random-effects meta-regression based on sample size difference can explain 100% of heterogeneity (R² = 100%) by an inverse relationship with recurrence. Moreover, the meta-regression models based on published year, latitude, and longitude cannot explain the heterogeneity as there were no relationships between log OR and the rest of the parameters.
For failure or converted operations outcome (Figure 3 D, Table VI) , the data for hospital stay differences were not enough. The random-effects meta-regression based on published year, sample size difference, latitude and longitude cannot explain the heterogeneity. Moreover, there were no relationships between log OR and the other parameters. As the p-values were not significant.
For times of operations outcome (Figure 3 E, Table VI), the results of random-effects meta-regression based on published year, sample size difference, and longitude cannot explain the heterogeneity of studies according to the non-significant 
Published year Log odds ratio fixed Log odds ratio fixed
Mixed meta regression with 95% confidence interval Mean hospital stay difference Log odds ratio fixed Mean hospital stay difference Figure 3 . Meta regression based on sample size, continent, latitude, longitude, and published year between two procedures for postoperative prolonged air leakage (A), mortality (B), recurrence (C), failure or converted operations (D), time of operation (E), and postoperative hospital stay (F) p value, and hence, there were no relationships between SMD of times of operations and the other parameters. Furthermore, random-effects meta-regression based on latitude can explain 47.6% of heterogeneity, suggesting a direct relationship between latitude and SMD of times of operations in the two procedures. Also, SMD of hospital stay can explain 77% of the heterogeneity, which shows a direct relation between SMD of hospital stay and times of operations in the two procedures. 
Published year Log odds ratio fixed Published year
Mixed meta regression with 95% confidence interval Mixed meta regression with 95% confidence interval ity, since there was no relation between SMD of hospital stay in the two procedures and other parameters. Moreover, random-effects meta-regression based on latitude can only explain 5.29% of heterogeneity (R² = 5.29%), suggesting a direct relationship between latitude and SMD of hospital stay in the two procedures.
Additionally, for 13 studies, subgroup analysis and the heterogeneity subgroup analysis of the 7 outcomes based on sample size, continent, and published year were performed.
For wound infection (Table VI) , the results of random-effects meta-regression based on published year, sample size difference, latitude, lon-gitude, and mean hospital stay cannot explain the heterogeneity. Additionally, there were no relationships between log OR and the other parameters.
Subgroup analysis results
Subgroup analyses of postoperative prolonged air leakage outcome and wound infection as well as other remaining postoperative outcomes (Table III) between VATS and open decortication according to the sample size, the continents (i.e., America, Asia, and Europe), and the published year were not performed since the number of studies should be more than three [33] .
Subgroup analyses of mortality outcome according to sample size and continent were not performed as the number of studies was less than 3 in these subgroups. Moreover, the subgroup analyses of the published year according to subgroup A, subgroup B, and overall show no differences in outcome of mortality when applying both treatment procedures (Figure 4 D) . Heterogeneity subgroup analyses in subgroups A and B show substantial and no heterogeneity, respectively. Hence, the subgroup analysis of published year (Q between = 3.415, df = 1, p = 0.065) cannot explain the variance within the studies (listed in Tables VII  and VIII) .
Again, subgroup analyses of recurrence outcome according to sample size, continent, and published year were not performed since the number of studies in subgroups was less than 3.
The subgroup analyses of failure and converted operations outcome according to sample size in subgroup A, subgroup B, and overall show no, more, and more failure and converted operations for the VATS procedure, respectively (Figure 4 A) . Moreover, heterogeneity subgroup analyses in subgroups A and B show considerable and substantial heterogeneity, respectively. Therefore, subgroup analysis of sample size (Q between = 0.248, df = 1, and p = 0.619) cannot explain the variance within the studies. The subgroup analyses according to the continent (i.e., America, Asia, and Europe), and overall show no, no, more, and more failure for the VATS procedure, respectively (Figure 4 H) . The heterogeneity subgroup analyses according to the continents America, Asia, and Europe show no, no, and considerable heterogeneity, respectively. Thus, the subgroup analyses according to the continent (Q between = 4.647, df = 2, and p = 0.098) cannot explain the variance within the studies. Moreover, the subgroup analyses according to the published year in subgroup A, subgroup B, and overall show more, no, and more failure rates for the VATS procedure, respectively ( Figure  4 E) . The heterogeneity subgroup analyses in subgroups A and B show considerable and moderate heterogeneity, respectively. Thus, subgroup analy- Tables VII and VIII Tables III and  IV) . Subgroup analyses according to the continent were not performed since the number of studies within the subgroups was less than 3. Moreover, the subgroup analyses according to the published year in subgroup A, subgroup B, and overall show more, no and more taken times of operations con- 
OR -odds ratio, SMD -standard mean difference, V -variance, SE -standard error, LL -lower limit, UL -upper limit.
Treating empyema thoracis using video-assisted thoracoscopic surgery and open decortication procedures: a systematic review and meta-analysis by meta-mums tool
Arch Med Sci 4, July / 2019 929 all show no, more, and more differences considering their SMD for a hospital stay in open thoracotomy decortication versus VATS ( 
Publication bias
The funnel plots of seven outcomes are illustrated ( Figure 5 ). These outcomes used for identifying the publication bias are based on Egger's regression test, which reveals no evidence for publication bias in two treatment procedures con-sidering the outcomes except for the outcome of failure and converted operations (Table IX) .
According to the identified publication bias, five imputable studies were found using the trim and fill method on the right side of the funnel plot (Figure 6 ) (odds ratio = 0.66637, lower limit = 0.24066, upper limit = 1.84512, Q = 67.84948, p = 0.4347). This result shows that despite adding these studies, there are no differences in the outcome of failure and conversion operations using VATS and open thoracotomy decortication. It has to be noted that 5 imputable studies in which open thoracotomy decortication was a failure were missed or not officially published or were selectively reported.
Discussion
The current systematic review and meta-analysis showed no promising trends toward the advantages of VATS in empyema thoracis. The results illustrated that the outcomes (i.e., hospital stay, and times of operations) of VATS are worse than those of open thoracotomy decortication. Generally, it is related to the time of performing anatomical opening and closing of the thoracotomy, which takes about 30-45 min. However, this period of time for opening and closing is omitted in the VATS procedure. It has also been shown that the rates of postoperative prolonged air leakage, wound infection, mortality and recurrence of either procedure had no advantage over the other. Moreover, although failures or converted operations in VATS were more frequent, due to the missing or selectively reported studies revealed by the trim and fill technique, it can be deduced that at least one of the procedures had no superiority over the other. The findings of this study indicated that VATS and open surgery decortication have an important place in empyema thoracis treatment and neither of them has advantages over the other.
Since Hippocrates' day, open drainage of empyema has remained the only means of managing the late stages of empyema. Since that time, open thoracotomy decortication has been well accepted for definitive treatment of stages II and III of empyema [2] .
Today, VATS is used as a very effective technique for treating stages II and III of empyema [1] . So, it is necessary to analyze the outcomes of VATS and open thoracotomy decortication using a systematic review and meta-analysis approach.
Today, there are several challenges to effectively treat empyema thoracis with both traditional and new approaches [23, 24, 28, 35, 36] . Some authors are in favor of performing VATS for treating empyema thoracis compared to open thoracotomy decortication [37] .
Our literature review showed that there were only one systematic review and meta-analysis and no randomized controlled trial studies (RCTs) for comparing the VATS and open thoracotomy decortication [38] . Pan et al. ' s study was performed on five studies, and they compared outcomes of VATS and open thoracotomy decortication. The results of hospital stay and operating time of VATS decortication are similar to ours with a lower mortality rate. Additionally, the postoperative prolonged air leakage of VATS decortication is less in Pan et al.'s study, while in the current study it has no advantages for both procedures. Recurrence outcome in the current study is less in both procedures, while Pan et al. reported only that of VATS decortication. Pan et al. did not report about the failure or conversion rate of VATS, while that rate in the current study for VATS is more than that of open thoracotomy decortication. Also, wound infection results of both procedures have no superiority over each other, while in the Pan et al. study, no information about this outcome was reported. Finally, they concluded that VATS decortication can be considered safe for selecting the first procedure in the management of empyema. Because of the small number of included studies in the Pan et al. meta-analysis, they found no heterogeneity in their study and hence meta-regression was not performed [39] .
The current results should be considered along with the limitations of the included studies. Since designing and performing prospective RCT studies for the treatment of empyema according to ethical considerations is a difficult task, no RCTs were found to be included in this study. 
